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Biodiesel is marketed as a long-term renewable fuel that may partially replace fossil fuels in transportation while also helping to
reduce global warming. )e current study is focused on using waste animal fat as a feedstock for biodiesel production. Sulfuric
acid (H2SO4) and potassium hydroxide (KOH) are used as catalysts, with methanol as an alcohol. Temperature at 60°C, reaction
time 2 hrs for acid catalyst, and 55°C, reaction time 90min for base catalyst with a methanol to oil ratio of 5 :1 are the experimental
and optimized process conditions. With the H2SO4 catalyst, the biodiesel yield was 65.7%, while with the KOH catalyst, it was
48.8%. )e ASTM standards are used to compare and study the physicochemical characteristics. )is study offers an envi-
ronmentally friendly solution to a global problem of atmospheric pollution, and at the same time, it shows a commercial al-
ternative to reduce the ecological impact caused by waste animal fat.

1. Introduction

Global demand for fossil fuels has risen dramatically as a
result of fast technological progress and population growth
[1].)is trend is anticipated to continue, with estimates from
the US Energy Information Administration (EIA) predicting
a 28 percent increase in energy consumption between 2015
and 2040 [2]. Biodiesel is one of the newest alternatives to
fossil fuels that has attracted a lot of interest due to its
similarities to diesel [3]. It has the benefit of emitting low
amounts of SOx while improving lubricity and reducing
engine damage [4]. According to the International Energy
Agency, bioenergy must increase by up to 25% by 2025 and
continue to develop [5]. By 2050, biofuels are anticipated to
account for 30% of the world’s road transportation fuel mix
[1, 5].)e world’s growing economy would necessitate more
energy use. Rapid technological development and pop-
ulation growth are driving global demand for fossil fuels. As
a consequence of mounting concerns about fossil fuels’

environmental incompatibility as a result of rising CO2
emissions, a continual quest for alternative fossil fuels has
begun [1]. One of the most intriguing and rapidly expanding
uses for biofuels and biodiesel is energy generation. Existing
diesel engines may run on biodiesel without any substantial
changes. Biodiesel has higher oxygen content and a lower
carbon-to-hydrogen ratio than conventional diesel. )is
highlights the major benefits of biodiesel, such as lower
particulate matter emissions and lower sulfur, hydrocarbon,
and carbon monoxide content.

Biodiesel is made up of monoalkyl esters of long-chain
fatty acids that are made from oil with the help of an acid,
base, or enzyme catalyst [3, 6, 7]. )e primary feed stock can
be from food sources including coconut oil, soybean oil, and
used vegetable oil, as well as nonedible sources such as
jatropha, algae, and rubber seeds [8–10] [11–13]. A lot of
studies are now being carried out on the use of nonedible oil
because of the issue of food security. Animal fats are gen-
erally formed of a mixture of triglycerides, proteins, water,
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and diverse minerals [14]. Animal byproducts are created in
large quantities as part of the meat and poultry production
cycles. After being rendered, edible resources are processed
in a range of food and feed-related enterprises.

Ethiopia has a reasonably affluent population. Ethiopia’s
livestock population is estimated at 52 million cattle (the
highest in Africa), 27 million sheep, the third most in Africa,
and 23 million goats, the third most in Africa [3]. When
compared to vegetable oils, the wastes from cattle and sheep
slaughtered for meat production have a high fat content [15].
Because of its high fat content, one option to recover this
waste is to use it as a fuel for biodiesel synthesis [4, 13, 16].
)e absence of adequate waste disposal by animal meat
processing facilities and food processing/service facilities
provides a great opportunity to create biodiesel from these
very inexpensive raw materials. )e use of waste animal fat
(WAF) as a feedstock for biodiesel synthesis not only en-
hances biodiesel supply but also eliminates the need for its
disposal.

Since the price of the raw material is the major cost in
biodiesel production. )e development of environmentally
and economically feasible biodiesel is becoming a key
concern, and animal fat waste might help achieve this ob-
jective. )e most practical method for manufacturing bio-
diesel on a large scale has been determined to be acid and
base catalyzed processes. As a result, the current study
utilizes WAF as a feedstock for biodiesel synthesis, utilizing
acid and base catalysts, and compares the resulting biodiesel
to commercial diesel.

2. Materials and Methodology

2.1. Biodiesel Production from Waste Animal Fat

2.1.1. Preprocessing of WAF and Extraction of Fat. All the
chemicals used are of analytical grade, and the feed stock
waste animal fat was collected from meat processing wastes
at the animal slaughterhouse. To increase biodiesel pro-
duction, the acquired fat must be preprocessed before being
exposed to the transesterification procedure. )is involves
eliminating nonfatty macroresidues and water content in
fats, adjusting the pH, and liquefying them for easier han-
dling. Fatty acids that separate from glycerol during hy-
drolysis are known as free fatty acids. Any fat with less than
15% FFA is referred to as yellow grease because of its yel-
lowish hue [17]. Brown grease has a brownish black color
and is composed of highly oxidized fats with FFA levels
above 15%. Fat is extracted using a thermal method in this
study, which includes melting the fat into liquid and pushing
it out of the matrix using heat.

2.1.2. Transesterification of WAF. Figure 1 gives you the
overview of the process adopted in this study. In the reaction
chamber, acid (H2SO4) and base (KOH) catalysts employed
separately to react with alcohol and fat molecules. )e
chamber heat was increased gradually to maintain the
constant temperature. It runs with the best process pa-
rameters and a stop watch to keep track of reaction time.)e
molar ratio (1 :1 to 1 : 6), catalyst concentrations of 0.1 to 2.0

wt%, temperatures (30–60C), and time durations of 1 to
4 hrs were used. Following transesterification, the reaction
mixture must be purified in order to meet biodiesel quality
requirements [18]. Gravity decantation was used to separate
the reaction products into biodiesel and glycerol, and the
biodiesel was then water washed and dried. )e water
washing was done with 5% (v/v) hot water at 60C for 15min.
To ensure that all residues were removed, the washing
operation was repeated four times. After water wash, the
biodiesel is dried at 110C.

)e biodiesel yield was calculated as shown in the fol-
lowing equation:

yield(%) �
mass of the biodiesel (g)

mass of the fat taken (g)
× 100. (1)

2.2. Properties of the Biodiesel. Stringent quality assurance
criteria are required for the successful commercialization
and market acceptance of biofuels. )e properties of bio-
diesel indicate if it is appropriate for the engine’s perfor-
mance, longevity, and emissions. Acid number, calorific
value, viscosity, density, flash point, fire point, cloud point,
pour point, and other characteristics distinguish biodiesel.

2.2.1. Acid Number. )e acid number or acid value of edible
oils or their esters reflects the amount of free fatty acids
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Figure 1: Schematic diagram of the biodiesel production
methodology.
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(FFAs) and mineral acids (negligible) in the sample (Gokul
R. [4]). )e biodiesel sample (0.5mL) was treated with a
solution comprising 95% ethanol and diethyl ether in equal

parts. Using phenolphthalein as an indicator, the resultant
mixture was titrated with 0.1M KOH. )e following
equation is used to calculate the acid value of biodiesel:

acid number of biodiesel
mgKOH

g
􏼠 􏼡 � 56.1 × normality of theKOH solution

×
volume of KOHused

weight of the sample taken
.

(2)

2.2.2. Kinematic Viscosity. )e kinematic viscosity deter-
mines the degree of atomization that biodiesel has. )e
biodiesel samples were heated to 400C in a redwood vis-
cometer no.1. )e sample was filtered to eliminate dust and
other solid material in the oil. )e viscometer was turned to
its normal vertical position. )e suction force was applied to
the thinner arm to draw a sample slightly above the upper
timing mark. )e afflux time was measured by timing the
flow of the sample as it flowed, the upper timing mark was
recorded. )is procedure was repeated in triplicate. )e
amount of time it took to collect 50mL of samples was
recorded.)e viscosity of the sample is calculated as follows:

visocity
mm2

sec
􏼠 􏼡 � (A × time) −

B

time
, (3)

where A and B are two constants particular to the redwood
viscometer. When the time taken is less than 100 seconds,
A� 0.26 and B� 179; otherwise, A� 0.24 and B� 50.

2.3. Determination of Density. Density was measured by
using the density meter at 298K. Density was calculated
using the following equation:

densityof the biodiesel sample�
W3 − W1

W2 − W1
×densityof water.

(4)

WhereW1 is the weight of empty bottle,W2 is the weight of
empty bottle with water, and W3 is the weight of empty
bottle with sample.

2.4. Flash and Fire Points. )e flash point is an important
indicator for fuel production that defines the lowest tem-
perature at which the vapors of the material ignite. Hence,

this value indicates the safety of the fuel for its trans-
portation, storage, and handling. )e sample was placed in
the flash and fire point apparatus, along with a cotton thread.
A gas burner was used to heat the biodiesel. Another lit
cotton thread was dragged over the old thread’s surface. )e
flash point was the temperature at which the first thread
produced a spark, and the fire point was the temperature at
which the thread started to burn.

2.5. Cloud and Pour Point. Cloud point is defined as the
temperature at which a cloud of wax crystals first appears in
a liquid when it is cooled under controlled conditions during
a standard test. Ice was used to fill the cloud and pour point
apparatus. Biodiesel was poured into the glass containers.
)e cloud point was defined as the temperature at which the
paraffin in biodiesel began to solidify and cloudiness oc-
curred. )e temperature at which the biodiesel turns
semisolid was used to calculate the pour point. )e cloud
point (CP) and pour point (PP) of biodiesel samples are
determined according to ASTM D2500-91 and ASTM D97-
96, respectively.

2.6.HHV. )eHHVs of biodiesel samples are measured in a
bomb calorimeter according to the ASTM D2015 standard
method.

2.7. Ash Content. )e biodiesel sample (5 g) was placed in a
muffle furnace in a preweighed quartz crucible (4500C
preheated). Once the sample had completely burned to ash,
the crucible was removed. )e crucible was weighed again
after cooling. )e following formula can be used to calculate
the ash content:

% ash content �
weight difference of the crucible before and after heating

weight of the biodisesel
× 100. (5)

2.7.1. Cetane Number (CN). )e cetane number (CN) of
biodiesel samples is determined according to the
ASTM test. )is test method measures the ignition

delay and utilizes a constant volume combustion
chamber with direct fuel injection into heated, com-
pressed air.
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2.8. Determination of Moisture Content of Oils. Oils were
weighed primarily, and they were dried in an oven at 1050C
for 24 hours, and the final weight was taken.)e procedure was
repeated in triplicate and recorded.)e percentage of moisture
in the seed was calculated using the following equation:

%moisture �
Wi − Wf

Wi

× 100, (6)

where Wi is initial weight of oil sample (before drying) and
Wf is final weight of oil sample after drying.

3. Results and Discussion

3.1. Preprocessing ofWAF. A total of 760 g of slaughterhouse
fat was rendered for 30min at 265°C. After the melted fat is
filtered, the physiochemical properties of the fat are assessed
in Table 1. )e fat obtained from WAF yields around 93%.
Figure 2(a) shows how waste animal fat (WAF) is collected
for use in biodiesel manufacturing, and Figure 2(b) shows
the fat extracted from WAF.

3.2. Transesterification of Refined WAF. Two distinct cata-
lysts were used to carry out the transesterification process.
)e responses were improved by varying and optimizing the
essential parameters. )e molar ratio (1 :1 to 1 : 6), catalyst
concentrations of 0.1 to 2.0 wt%, temperatures (30–600C),
and time durations of 1 to 4 hrs were used. Finally, the
methanol to oil molar ratio is kept at 5 :1 to provide an
efficient reaction on the conversion of triglycerides to FAME
(fatty acid methyl ester) during the transesterification
process. )is matches with the literature findings [9, 19].
Base catalyzed transesterification (KOH) was performed in a
250mL conical flask with a magnetic stirrer. In a flask, 60mL
of fat were added, along with 6g of potassium hydroxide
dissolved in 300mL of methanol. )e best yield was ob-
served for 90min of stirring at a temperature of 550C. )e
liquid was transferred to a separator funnel and the glycerol
separated. To eliminate excess methanol, the reaction
mixture was heated for a specific amount of time, cooled,
and distilled.)e yield under these conditions with the KOH
catalyst was obtained at 48.5%. More water formation is
limiting the yield of biodiesel.

WAF was transesterified using a concentrated sulfuric
acid catalyst (2wt %) at 60°C on a shaker at a uniform speed
of 300 rpm. )e reaction mixture was heated for 2 hrs,
cooled, and distilled to remove excess methanol. )e ob-
tained mixture consisted of glycerol and methyl esters
(biodiesel). It was separated into two layers using a sepa-
rating funnel. )e upper oil layer (biodiesel) was separated
and washed with hot water (50oC) until the washing was
neutral. )e biodiesel product was obtained by separating
water. A biodiesel yield (wt%) relative to the weight of fat
was estimated.)e obtained biodiesel yield was 65.7%. It was
identified that the acid catalyst yielded more in comparison
to the base catalyst. )e reason might be that the acidic
catalyst is neutral to free fatty acids (FFA), thus showing
better outcomes for the transesterification of fats. Figure 3
gives a glimpse of the experimentation.

3.3. Physiochemical Characteristics of Biodiesel. Table 2
shows the physicochemical properties of biodiesel made;
in order to determine the implementing feasibility of the
produced fuel, these values were compared ASTM standard
limits.

3.3.1. Base Catalyzed Biodiesel. )e density of the biodiesel
(0.835 g/l) was nearly identical to that of regular diesel
(0.8326 g/l) and the viscosity is 8.35mm2/sec, indicating
good atomization and full combustion of the biodiesel inside
the engine and a longer engine life. )e ASTM standard
establishes a maximum acid value of 0.5mg/g. )e present
analysis indicated that the base catalyzed WAF derived
biodiesel has an acid value of 0.497mg KOH/g. )e acid
number of the biodiesel (0.497mgKOH/g) was a little higher
than that of petrodiesel (0.35) but it does not harm the
engine parts. )e calorific value (CV) of any fuel is critical
because a greater calorific value signifies more power pro-
duction to power an engine. )e calorific value of the
generated biodiesel (40.21MJ/Kg) is acceptable. )e flash
and fire points of biodiesel were considerably lower (68C
and 75C) for the base catalyst. )e cloud and pour points of
the generated fuel were greater (-13C and -7C, respectively)
than those of diesel. As a result of these cold flow charac-
teristics, biodiesel generated using this method may be
utilized in cold atmospheric circumstances. If the temper-
ature of the atmosphere falls below 00C, biodiesel additives
may be necessary. Lower ash and carbon residue content
results in less carbon deposition on engine components,
extending engine life. )e ash level is 0.013%. So the
properties of the biodiesel were within an acceptable range
such that the biodiesel can be used in an unmodified CI
engine.

3.3.2. Acid Catalyzed Biodiesel. )e density of the biodiesel
(0.8165 g/l) was virtually similar to that of conventional
diesel (0.8326 g/l), and the viscosity was 11.17mm2/sec.
Biodiesel had a little higher acid number (0.4mg KOH/g)
within the allowable ASTM standards. )e acid catalyst
biodiesel has a calorific value of 42.63MJ/Kg, which is higher
than the base catalytic biodiesel produced. )e flash and fire
points of biodiesel were considerably higher (132C and
143C), making it preferable to petrodiesel. Greater flash and
fire points minimize the possibility of an unanticipated fire
danger. )e flash point is an important indicator for fuel
production that defines the lowest temperature at which the
vapors of the material ignite. )erefore, this value indicates
the safety of the prepared fuel for its transportation, storage,
and handling. )e produced fuel had higher cloud and pour

Table 1: Properties of fat extracted.

Properties Values
Density (g/l) 0.91
Kinematic viscosity (mm2/s) 46.3
CV (MJ/Kg) 38.58
Acid value (mg KOH/g) 1.14
Flash point ( C) 45
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points (5 and 9 C, respectively) than diesel. Because of these
cold flow properties, biodiesel produced with this technique
may be used in cold weather. Less carbon deposition on
engine components comes from lower ash and carbon

residue levels, increasing engine life. )e ash content of the
biodiesel produced here is 0.01%. So the properties of
the biodiesel were within an acceptable range such that
the biodiesel can be used in an unmodified CI engine.

(a) (b)

Figure 2: (a) Dry animal fat collected; (b) fat oil generated from WAF.

(a) (b)

(c) (d)

Figure 3: (a) Crude biodiesel obtained; (b) glycerol separation; (c) filtered biodiesel; (d) biodiesel after distillation.
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4. Conclusions

(i) H2SO4 and KOH catalysts were employed in bio-
diesel production from WAF by the trans-
esterification method

(ii) )e process parameters such as temperature, re-
action time, molar ratio, and catalyst concentration
are used in optimal conditions for the conversion of
fats into FAME

(iii) Higher water formation is limiting the yield in KOH
catalyzed process

(iv) Acid catalyst (H2SO4) was a more active catalyst
than KOH to produce biodiesel

Data Availability
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cluded within the article.

Conflicts of Interest

)e authors declare that they have no conflicts of interest.

References

[1] I. W. Kularathne, C. A. Gunathilake, A. C. Rathneweera,
C. S. Kalpage, and S. Rajapakse, “)e effect of use of biofuels
on environmental pollution-A review,” International Journal
of Renewable Energy Resources, vol. 9, no. 3, pp. 1355–1367,
2019.

[2] M. Ramos, A. P. S. Dias, J. F. Puna, J. Gomes, and
J. C. Bordado, “Biodiesel production processes and sustainable
raw materials,” Energies, vol. 12, no. 23, 2019.

[3] H. Dagne, R. Karthikeyan, and S. Feleke, “Waste to energy:
response surface methodology for optimization of biodiesel
production from leather fleshing waste,” Journal of Energy,
vol. 2019, Article ID 7329269, 19 pages, 2019.

[4] G. R. Srinivasan, S. Palani, R. Jambulingam, and V. Shankar,
“Effect of dominant fatty acid esters on emission character-
istics of waste animal fat biodiesel in CI engine,” Frontiers in
Energy Research, vol. 7, no. JUN, pp. 1–13, 2019.

[5] S. Nanda, R. Rana, P. K. Sarangi, A. K. Dalai, and
J. A. Kozinski, “A broad introduction to first-, second-, and
third-generation biofuels,” in Recent Advancements in Biofuels
and Bioenergy Utilization, pp. 1–25, 2018.

[6] L. Carrino, D. Visconti, N. Fiorentino, and M. Fagnano,
“Biofuel production with castor bean: a win-win strategy for
marginal land,” Agronomy, vol. 10, no. 11, 2020.

[7] D. Firemichael, A. Hussen, and W. Abebe, “Production and
characterization of biodiesel and glycerine pellet from mac-
roalgae strain: cladophora glomerata,” Bulletin of the Chemical
Society of Ethiopia, vol. 34, no. 2, pp. 249–258, 2020.

[8] F. Anguebes-Franseschi, A. Bassam, M. Abatal et al., “Physical
and chemical properties of biodiesel obtained from amazon
sailfin catfish (Pterygoplichthys pardalis) biomass oil,” Journal
of Chemistry, vol. 2019, Article ID 7829630, 12 pages, 2019.

[9] R. Karmakar, K. Kundu, and A. Rajor, “Fuel properties and
emission characteristics of biodiesel produced from unused
algae grown in India,” Petroleum Science, vol. 15, no. 2,
pp. 385–395, 2018.
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